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Positron Annihilation

Following Beta+ decay, the positron quickly loses its
kinetic energy and then annihilates with an electron,
emitting two 511 keV photons, back-to-back
approximately along the same line
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Range of the positron

In PET we detect the two annihilation gamma rays — defining
a line in space (line of response — LOR)

The degree of separation between the LOR and the actual
point of decay (range) can be large and depends on the
energy of the positron (i.e. on the radionuclide)
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Non-collinearity

Actually, the annihilation photons are not necessarily
emitted 180° apart, due to the momentum of the
positron just before it annihilates with an electron

The angular spread of the annihilation photons is in
the order of £ 0.25°

The goal of PET is to make an accurate image of
the distribution of the radionuclide in the object
being imaged

Both the positron range and non-collinearity add to
decrease the scanner spatial resolution



PET Principle

PET utilizes the simultaneous (= in coincidence) detection of
the two 511 keV photons

Coincidence allows to avoid the use of collimators
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PET Principle
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True and False Coincidences

True False

Scatter Random

FIGURE 22-15. True coincidence (left), scatter coincidence (center), and random
(accidental) coincidence (right). A scatter coincidence is a true coincidence, because
it is caused by a single nuclear transformation, but results in a count attributed to
the wrong line-of-response (dashed line). The random coincidence is also attributed

to the wrong line of response.



Noise Equivalent Count Rate (NECR)
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Attenuation Correc’rion in PET

O] Unllke in SPECT,
in PET the
correction for
attenuation of

gamma rays along
any LOR is
independent of the _Jx’#(x)dx _r o
position of the P =e Jo P —e
radionuclides J«ﬂ{x)dx
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PET /CT for attenuation correction

Uncorrected PET + CT = Corrected PET
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PET /CT fusion imaging
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PET /CT fusion imaging
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Time-of-Flight (ToF) PET

PET scanners based on crystals with a very short
decay time and narrow coincidence window (e.g.
LSO or LySO) are able to measure the difference in
the arrival times of the two annihilation gamma ray
photons with high precision

The coincidence timing resolution, At, is measured as
the FWHM of the histogram of ToF measurements
from a point source (known as the timing spectrum)



Time-of-Flight (ToF) PET

ToF information can be used to localize the emission

point within a small region of the object
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